Supplementary Methods
Cloning, expression, and purification Domain boundaries from previous KR structures guided the selection of the first and last residues of the Spn(KR+ER)2 didomain (SpnB residues 1216-1989) 1 °C, cells were collected by centrifugation and resuspended in lysis buffer (300 mM NaCl, 50 mM HEPES, pH 7.5). Following sonication, cell debris was removed by centrifugation (30,000 x g for 45 min). The supernatant was poured over a column of Nickel-NTA resin (Qiagen), which was then washed with 50 mL lysis buffer containing 15 mM imidazole and eluted with 5 mL lysis buffer containing 300 mM imidazole. Proteins were further purified using a Superdex 200 gel filtration column (GE Healthcare Life Sciences) equilibrated with 150 mM NaCl, 10 mM HEPES, pH 7.5. Spn(KR+ER)2 was concentrated to 24 mg/mL in 25 and selenomethionine (at 60 mg/L) were supplied at OD 600 = 0.4. After 15 minutes at 37 °C, 0.5 mM IPTG was added, and the cells were induced for 16 hours at 15 ºC. The purification followed the protocol described for the native protein.
Site-directed mutagenesis
The GeneTailor Site-Directed Mutagenesis System (Invitrogen) was used to generate all the mutants (verified by sequencing). Purification of the point mutants followed the protocol 
Size-exclusion chromatography
Each sample (0.3 mL; 69 µM Spn(KR+ER)2; 132 µM SpnER2; 75 µM SpnKR2) was injected onto a Superdex 200 gel-filtration column equilibrated with 150 mM NaCl, 10 mM sodium phosphate, pH 7.4. The molecular weight was estimated by comparison with standards (Gel Filtration Standard, Biorad Laboratories) as previously described 7 .
Analytical ultracentrifugation
All sedimentation experiments were performed with a Beckman Optima XL-I at the Center Texas at Austin, and on the Jacinto cluster at the Bioinformatics Core Facility at UTHSCSA.
All measurements were made at 280 nm in a buffer containing 150 mM NaCl, 10 mM sodium phosphate, pH 7.4. The experimental data were collected at 20 °C and at 50 krpm using standard Epon 2-channel centerpieces. Hydrodynamic corrections for buffer density, viscosity, and partial specific volume were made according to methods implemented in UltraScan 41 .
The partial specific volumes of Spn(KR+ER)2, SpnER2, and SpnKR2 were determined to be 0.737 cm 3 /g, 0.736 cm 3 /g, and 0.735 cm 3 /g, respectively. All data were first analyzed by 2-dimensional spectrum analysis (2DSA) with simultaneous removal of time-and radial-invariant noise and fitting of the meniscus position, followed by van Holde-Weischet analysis and genetic algorithm (GA) refinement, followed by Monte Carlo analysis (MC) 4, 5 .
Each protein was measured at 280 nm at three loading concentrations (Spn(KR+ER)2, 1.2 µM, 4.1 µM, and 12.0 µM; SpnER2, 3.0 µM, 10.5 µM, and 31 µM; SpnKR2, 2.5 µM, 7.5 µM, and 23 µM).
Crystallization and structure determination
Crystals of Spn(KR+ER)2 grew over one week by sitting drop vapor diffusion at 22 °C.
Drops were formed by mixing 2 µL protein solution (24 mg/mL Spn(KR+ER)2 in 25 mM NaCl, 1 mM DTT, 10 mM HEPES, pH 7. 
SAXS data collection and analysis
Spn(KR+ER)2 was exchanged by gel filtration chromatography (Superdex 200) into 10% glycerol, 500 mM NaCl, 50mM (NH 4 ) 2 SO 4 , and 30 mM HEPES, pH 7.5. SAXS data were collected at 5 °C on a Rigaku BioSAXS-1000 (Kratky camera, with a 2.5kW FRE+ source) at the Sealy Center for Structural and Molecular Biophysics (SCSB) BioSAXS facility of the University of Texas Medical Branch at Galveston. A dilution series showed no difference between a 10 mg/mL and a 5 mg/mL sample; therefore, a sample concentration of 10 mg/mL was used for data collection. Five 30-minute exposures were collected. Radiation-induced aggregation effects slowly developed in the low-q regime (q<1.3/R g ); however, the scattering curves of all samples converged beyond this point, permitting all of the curves to be included in the averaging for the high-q regime (q>1.3/R g ). Five more 30-minute data collections were performed, each with fresh sample. Using the SAXSLab software (Rigaku), the high-q regions of these ten collections were averaged, and the low q-regime of the last five collections were also averaged. The high-and low-q curves were merged together and scattering from the buffer alone was subtracted (seven 30-minute scans were collected on the buffer alone) with the program PRIMUS 12 . The resulting SAXS curve was used for subsequent analysis. The radius of gyration (R g ) and I(0) were evaluated using the Guinier approximation (0.0223 Å -1 < q < 0.0437 Å -1 ). The program GNOM was used to obtain the distance distribution function, P(r), and to determine the value for the R g from the entire scattering profile 13 . Good agreement of R g (Guinier) and R g (GNOM) indicated the internal consistency of the data 14 . A molecular weight was calculated from the SAXS curve 15 . The program CRYSOL predicted the scattering curves from two models (one model of Spn(KR+ER)2 based on its crystal structure and one model of Spn(KR+ER)2 based on the superposition of SpnKR2 and SpnER2 on the KR and ER domains of the porcine FAS) and compared them to the experimentally-obtained SAXS curve 16 . Ab initio envelopes were generated by the program DAMMIF 17 . A developmental version of the pmb_dammif script within the Protein Model Builder (PMB) package was used to generate fifty envelopes, which were averaged and filtered with the program DAMAVER 18 . The resulting consensus envelope was then aligned and fit to each model using the program SUPCOMB 19 .
Substrate synthesis
Pantethine (278 mg, 0.5 mmol, 1 eq.) was incubated with DTT (77 mg, 0.5 mmol, 1 eq.) in 1 mL water and stirred for 1 hour at room temperature. The water was removed under vacuum, and the clear oil was resuspended in THF (8 mL) and triethylamine (2 mL).
Dimethylaminopyridine (6 mg, 0.05 mmol, 0.1 eq.) was added, and the solution was stirred on ice. Chilled crotonyl chloride (50 µL, 55 mg, 0.525 mmol, 1.05 eq.) was added, and the reaction was stirred for one hour. The reaction was allowed to warm to room temperature and was stirred for another hour. Solvent was removed under vacuum, and the remaining orange residue was resuspended in 50% ethyl acetate/acetone. Using the same solvent system as a mobile phase, crotonyl-pantetheine was purified by silica gel chromatography. Fractions containing crotonyl-pantetheine (R f = 0.30, silica TLC plate, EtOAc) were dried under vacuum; the clear residue was resuspended in water and the solution was frozen until needed. 20 .
Crotonyl-pantetheine. Electrospray ionization mass spectrometry (ESI-MS

HPLC and LC/MS characterization of Spn(KR+ER)2 functional assays
To assay the activity of isolated Spn(KR+ER)2 and its point mutants, the following reaction 
Kinetic assays
A kinetic model derived from standard Michaelis-Menten kinetics was employed for the reduction and hydration reactions catalyzed by SpnER2.
(1)
Each reaction was performed in duplicate (50 µL reaction volume: 2.5-160 mM crotonyl-pantetheine, 1 mM NADPH, 20 µM enzyme, 10% glycerol, 100 mM NaCl, 100 mM HEPES, pH 7.5 at 22 ºC). The consumption of NADPH was monitored at 340 nm, and readings were corrected for the nonenzymatic consumption of NADPH. Initial velocities were plotted against substrate concentration and fit to the kinetic model to obtain K m and k cat(R) using the program Prism. To compare the hydration/reduction activities of SpnER and its point mutants the ratio of hydrated to reduced product generated by each SpnER2 mutant was compared to that of SpnER2. Reactions were stopped through the addition of an equal volume of methanol and analyzed by LC/MS (after removing precipitated protein by centrifugation).
Extracted ion chromatograms for the hydration product (365.2 Da) and the reduction product (349.2 Da) were used to obtain the peak areas for the hydrated and reduced products, respectively. 
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